The xanthine-xanthine oxidase system [EC 1. 2. 3. 2] generates uricate and superoxide, both of which have very important physiological roles. Uricate is useful as an antioxidative agent present in the body, although it is also the cause of gout. Superoxide causes damage to biomolecules such as nucleic acids, proteins, and lipids, while it is useful in degrading foreign matter within lymphocytes. We reported on the inhibitory activities of flavonoids on the xanthine oxidase reaction in one physiological and biochemical study of flavonoids (1-4). In the previous study (5), the reactions were followed by measuring uricate formation at 295nm, which is in the absorbing region of the flavonoids present in the reaction system. This prompted us to adopt another measurement method using a different principle which could not be interfered with by flavonoid absorption. We also solution (0.025ml) was added to the mixture of 2.50ml of sodium phosphate buffer solution, pH 6.8, and 2.50ml of either n-butanol or ethyl acetate. The total mixture was stirred well and left to stand. The two separate layers were taken and the absorption spectra were measured separately. The partition rates were calculated from the absorbances at the absorption maxima of the longest wavelength; the absorbance of the aqueous layer was divided by that of the organic solvent layer.
RESULTS
Flavonoid-induced inhibition of xanthine oxidase activity measured by oxygen elec trode method Flavonoids were shown to inhibit the xanthine oxidase reaction as can be seen in Table 1 . Quercetin, kaempferol, myricerin, chrysin, quercitrin, and morin were very inhibitory. Fisetin, gossypitrin, baicalein, naringenin, herbacitrin, and wogonin glucuronide were moderately inhibitory, while rutin, myricitrin, robinin, baicalin, 3 -hydroxyflavone, hesperidin, flavone, naringin, and apiin were weak to inactive inhibitors (data not shown). Figure 1 shows the correlation of inhibition rates measured by the absorption method in the previous study (5) with those measured by the oxygen electrode method in the present study. The rates determined by both methods correlated well with each other.
Effect of flavonoids on cytochrome c reduction by xanthine-xanthine oxidase system Table 2 shows that some flavonoids clearly suppressed or even reversed the absorbance increase at 550nm which is considered to reflect the cytochrome c reduction caused by the xanthine-xanthine oxidase system. However, the sup pressive activity of each flavonoid was not always parallel to that seen in its xanthine oxidase inhibition as measured by the oxygen electrode method . For example, rutin was not a potent inhibitor of xanthine oxidase , although it suppressed the cytochrome c reduction very strongly.
Effect of flavonoids on glucose oxidase activity Some flavonoids were added to the glucose oxidase system to determine whether they were also inhibitory to oxygen consuming enzymes other than xanthine oxidase. As can be seen in Table 3 , they were not porent inhibitors of glucose oxidase, in contrast to their action on xanthine oxidase.
Effect of cupric ion on xanthine oxidase inhibition by quercetin
In order to determine whether flavonoids such as quercetin inhibit xanthine oxidase by binding with metal contained in the enzyme, cupric ion was added to the reaction mixture. Cupric ion is often used to elucidate the mechanism of biochemi cal effect of flavonoids. Table 4 shows the results. Cupric ion did not show any significant effect on xanthine oxidase inhibition by quercetin .
Partition rates of flavonoids and their inhibitory activities
The partition rates of flavonoids between an aqueous buffer solution and an organic solvent were measured to clarify the possible mechanism of xanthine INHIBIT XANTHINE OXIDASE oxidase inhibition by flavonoids. It can be said that the more a flavonoid is soluble in n-butanol, the more potent an inhibitor it is, with some exceptions such as flavone and 3-hydroxyflavone (Fig. 2) . The partition rates between ethyl acetate and an M. IIO et al. aqueous buffer did not show similar results (data not shown).
DISCUSSION
An oxygen electrode is a very convenient tool to measure oxygen dissolved in aqueous media, and can be used in enzymatic reactions consuming oxygen regardless of the coloration or absorption of the reaction mixtures. Thus we adopted this tool to estimate the inhibitory activities of flavonoids on xanthine oxidase as well as on glucose oxidase. Some of the flavonoids tested were shown to be inhibitors of xanthine oxidase. The data described in the previous study were 
